It has been noted that the fat content of meals affects the motility of the gallbladder but does not affect the total amount of bile recycled. 2 Mondaine et al. 4 noted that alcohol stimulated rapid postprandial gallbladder emptying and accelerated gallbladder filling. Wedmann et al. 5 noted that aging or gender does not significantly influence the fat-induced gallbladder contraction in humans. Lower postprandial gallbladder motility in obese women compared to nonobese women has been reported. 6 Hashimoto et al. 7 noted that 3D sonography accurately determined gallbladder volumes. As a test of gallbladder motility, the usefulness of GBCI and GBER is not in doubt. Gallbladder motility can detect functional impairment of the gallbladder.
As gallbladder motility is impaired in some gallbladder diseases, background knowledge of the motility of the gallbladder is important for the diagnosis, prognosis, and a possible grading of the severity of a particular gallbladder disease.
This study aimed to develop a multiple-parameter approach and possible reference values for the prediction of gallbladder motility in an adult Nigerian population. To the best of our knowledge, this has not been done previously.
Methods
A total of 40 healthy subjects of Ibo descent, with no history of hepatobiliary disease or lactose intolerance, were recruited in the study as volunteers.
Subjects identified to be suffering from diseases known to affect the contraction index of the gallbladder, such as diabetes 8 and pancreatitis, 9 were excluded.
There were 24 men (age range, 18-45 years; mean age ± SD, 30.88 ± 8.17) and 16 women (age range, 20-42 years; mean age ± SD, 28.81 ± 6.70). The study was conducted in Ebonyi State, Nigeria, between January and June 2005. All volunteers provided informed consent after the procedure was fully explained. Ethical approval was obtained from the Human Research Ethics Committee of the Jeomedics Ultrasound Centre, Ebonyi State, according to the Declaration of Helsinki (1996) and Declaration of Tokyo (1975) .
The sonographic images were produced using a Siemens Sonoline SL-1 ultrasound machine (Siemens Medical Systems, Ultrasound Group, Issaquah, Wash) with a 3.5-MHz sector transducer.
Each subject was scanned in the morning after an overnight fast. Subjects lay supine on the examination table, and the gallbladders were scanned. Measurements were taken by one scientist (AC). The maximal length and height measurements were taken on arrested inspiration with the built-in calipers crossing each other ( Fig. 1 ) at 90 degrees. 10 Subsequently, the probe was rotated through 90 degrees ( Fig. 2 ) to obtain the maximal transverse dimension (width). 10 After this, the subject was given 165 mL of skimmed milk to ingest (trade name: Three Crown; contents: skimmed milk, vegetable fat, stabilizer E339, and vitamins A, D 3 , and E; net weight = 170 g). The length, height, and transverse dimension measurements were repeated for each subject 20 minutes after milk ingestion in the same supine position. Subjects sat down during milk ingestion and were supine after ingestion. The gallbladder volumes (pre-and postprandial) were obtained using the ellipsoid equation, as described by Zimmermann et al. 11 and Vitti et al. 12 :
Ages of subjects were recorded. Subjects' weights (kg) were measured on a bathroom weighing scale (Model H 89 LT BLUE), and height (m) was measured on a calibrated vertical wall. The body mass index (BMI) was obtained as weight/ height 2 . 13, 14 The GBCI was obtained as a percentage decrement of postprandial size from initial size, 15 and the GBER was obtained as the change in volume after milk ingestion divided by 20 minutes.
Subjects were categorized according to sex. Statistical analyses were performed using SPSS 11.0 Windows software. Multiple linear regression equations were determined, and reference values for GBER, GBCI, and multiple regression coefficients were obtained using Math CAD 7 professional.
Results
The standard deviations (SD S ) for GBCI were 16.81 and 18.87 for men and women, respectively, whereas the standard deviations for GBER were 0.4292 and 0.4572 in men and women, respectively. Table 1 shows the constants in the multiple regression equations. GBCI and GBER are the dependent variables. Table 2 shows the reference values of the GBCI in men. The GBCI increases with age and decreases with BMI. Table 3 shows the reference values of the GBER in men. The GBER increases with age, within the age bracket in this study, and decreases with BMI. Table 4 shows the reference values for the GBCI in women. The GBCI increases with age and decreases with BMI. Table 5 shows the reference values for the GBER in women. The GBER increases with age and decreases with BMI.
Discussion
Our results show that the reference values of both indices used for assessing gallbladder motility (GBCI and GBER) increased with age (within the study age bracket) and decreased with BMI. There is a need to always use these possible reference values and prediction formulas for subjects who fall within the age brackets used in deriving them to avoid possible over-or underprediction. The standard deviations established by this study should be used to establish a range of possible values for GBER or GBCI for each predicted (calculated) value (±SD). It is clear from previous physiologic studies 16 that reference values should be applied to a population that has similar ranges of independent variables as the one from which it was derived. This study covered nonobese subjects. BMI greater than 27 kg/m 2 was defined as obese. 17 This study covered an age range of 18 to 45 years, with a mean age ± SD of 30.88 ± 8.17 and 28.81 ± 6.70 for men and women, respectively. These reasons explain why the reference values were established for a 20-to 40-year-old age bracket and 20-to 27-kg/m 2 BMI. The mean age ± SD for this study indicates that younger patients mainly participated in this research. It is also a reflection of our local demographic structure.
Direct comparisons between the results of this study and previous studies were impossible as there has not been any such cholecystodynamic study, to the best of our knowledge. The result of this study is similar to a previous study by Wedmann et al., 5 which showed that age does not significantly influence the fat-induced gallbladder contractions in humans. This is depicted by the regression equations, which have very small positive coefficients for age. Furthermore, a previous study, 6 which showed lower postprandial gallbladder motility in obese than in nonobese women, is also similar to this present study. This conclusion draws from the negative relationship between body mass index (predictor of obesity) and gallbladder motility, as shown by the negative values of the BMI coefficients in the regression equations. Higher values of BMI coefficients also showed that BMI affects gallbladder motility more than age. There is a need to make comparisons between the observed and calculated value of both GBER and GBCI before a decision is made on the severity or probable existence of gallbladder diseases. Biochemical and sonographic pictures of patients with suspected gallbladder diseases should also be assessed and complemented with the cholecystodynamic studies. The present study has gone further than previous studies by establishing regression equations that could be used for predicting gallbladder motility. There is also a need to test these derived regression equations in a larger sample in this population and in other populations by correlating the observed values and the predicted (calculated) values to assess its validity. 18, 19 In this study, the gallbladder measurements were taken by one scientist (AC). This was to remove the problem of interobserver variability, as it has not been previously demonstrated that these measurements could be collected and reported equally as consistent between scientists. Further studies demonstrating interobserver reproducibility of measuring gallbladder dimensions would be important so that more than one imaging scientist could be involved in future studies, and multiple data could be collected from a larger population in different centers. A major limitation of this study is its small sample size. It is generally true that the larger the sample size, the more representative it will be of the general population. This would also enable the research results to be applied widely in the clinical environment. It is noteworthy that the bathroom scale is not a very reliable method of determining weight and hence needs to be upgraded on replication of this study. An electronic scale could be more reliable.
Volume sonography is becoming highly used in the ultrasound laboratory and may prove to be an appropriate technology to apply in future studies. The present study adopted prolate ellipsoid estimation of gallbladder volumes, which may be less accurate and less reproducible than 3D sonography, as reported by Hashimoto et al. 7 Moreover, this project is a feasibility study and hence cannot be generalized to the whole Ibo population and needs to be replicated with a larger number of Nigerian men and women of Ibo decent to provide a clinical benchmark for this group of patients.
Conclusion
This study has established possible reference values of GBCI and GBER. These equations could be applied to subjects within this age range and specific demographic climate, race, tribe, diet, and so on. It would also act as a guide to future researchers interested in carrying out a larger population study in this area among subjects of Ibo descent.
